Aims: We explore the cosmological consequences of interacting dark energy (IDE) models using the Supernova Legacy Survey three-year (SNLS3) data sets. In particular, we focus on the impacts of different SNLS3 light-curve fitters (LCF) (corresponding to the "SALT2", the "SiFTO", and the "Combined" supernova sample).
(1) 3 , S
(1) 4 }, and check whether or not these dark energy (DE) diagnosis can distinguish the differences among the results of different LCF. At last, we perform highredshift cosmic age test using three old high redshift objects (OHRO), and explore the fate of the Universe.
Results: For all the IDE models, the impacts of different LCF on parameter estimation are as follows: (1) after considering the redshift-dependence of color-luminosity parameter β, the "SALT2" sample gives a smaller increasing rate of β(z) , while the SiFTO sample yields a larger increasing rate of β(z); (2) the "Combined" sample gives a larger DE equation of state (EoS) w, while the "SiFTO" sample yields a smaller w; (3) the effects of different LCF on other parameters are negligible. Moreover, we find that the impacts of different LCF are rather small and can not be distinguished by using the H(z) diagram, the q(z) diagram, and the age data of OHRO; in contrast, the statefinder hierarchy {S (1) 3 , S
(1) 4 } is a powerful tool that has the ability to distinguish the effects of different LCF. In addition, we infer, from the current observational data, how far we are from a cosmic doomsday in the worst case, and find that the "Combined" sample always gives a larger 2σ lower limit of the time interval between a "big rip" and today. Our method can be used to distinguish the differences among various cosmological observations.
INTRODUCTION
Type Ia supernovae (SNe Ia) are one of the most powerful probes to illuminate the mystery of cosmic acceleration (Riess et al. 1998; Perlmutter et al. 1999) , which may be due to dark enasiahu@itp.ac.cn † mli@itp.ac.cn ‡ linan@itp.ac.cn § swang0229@mail.neu.edu.cn (Corresponding author) ergy (DE), or modified gravity (MG) .
1 Along with the rapid progress of supernova (SN) cosmology, several high quality SN datasets were released in recent years, such as "SNLS" Astier et al. (2006) , "Union" Kowalski et al. (2008) , "Constitution" Hicken et al. (2009) , "SDSS" Kessler et al. (2009) , "Union2" Amanullah et al. (2010) , "Union2.1" Suzuki et al. (2012) , and "Pan-STARRS1" Scolnic et al. (2014) . In 2010, the Supernova Legacy Survey (SNLS) group released their three years data Guy et al. (2010) . Soon after, combining these SN samples with various low-z to mid-z samples and making use of three different lightcurve fitters (LCF), Conley et al. Conley et al. (2011) presented three SNLS3 data sets: "SALT2", which consists of 473 SNe Ia; "SiFTO", which consists of 468 SNe Ia; and "combined", which consists of 472 SNe Ia. It should be mentioned that, the SNLS group treated two important quantities, stretch-luminosity parameter α and color-luminosity parameter β of SNe Ia, as free model parameters. In addition, the intrinsic scatter σint are fixed to ensure that χ 2 /dof = 1.
A critical challenge is the control of the systematic uncertainties of SNe Ia. One of the most important factors is the potential SN evolution. Pervious studies on the SNLS3 Wang & Wang (2013a) , the Union2.1 Mohlabeng & Ralston (2013) , and the Pan-STARRS1 data sets Scolnic et al. (2014) all indicated that α is still consistent with a constant, but β evolves along with redshift z at very high confidence level (CL); this conclusion has significant effects on parameter estimation of various cosmological models Wang, Li & Zhang (2014) ; ; ; Wang, et al. (2015) . Besides, it was found that the intrinsic scatter σint also has the hint of redshift-dependence Marriner et al. (2011) that will significantly affect the results of cosmologyfits. In addition to the SN evolution, another important factor is the models of LCF that are used to obtain SN sample Kessler et al. (2009) . For instance, it has been proved that even for the same SN data set, using "MLCS2k2" Jha et al. (2007) Bengochea & De Rossi (2014) . As mentioned above, based on three different LCF models, the SNLS3 group released three SN data sets: "SALT2", "SiFTO" and "combined". So far, only the "Combined" sample is studied extensively, both the "SALT2" and the "SiFTO" data sets are seldom taken into account in the literature. Although these three SNLS3 data sets have been used at the same time to study the Λ-cold-dark-matter (ΛCDM) model Wang & Wang (2013a) and the holographic dark energy (HDE) model Wang, et al. (2015) , only the simplest discussions about the results of different LCF are given in these papers. Moreover, the effects of different LCF have not been studied in detail in the past. So the main aim of the present work is presenting a comprehensive and systematic investigation on the impacts of different SNLS3 LCF.
Here we adopt the w-cold-dark-matter (wCDM) model, which has a constant DE equation of state (EoS) w, in the background. In principle, there might exist a direct nongravitational interaction between DE and cold dark matter (CDM); such a dark sector interaction can provide an intriguing mechanism to solve the "coincidence problem" Guo, Ohta, & Tsujikawa (2007) ; Li et al. (2009); He et al. (2010) . In addition, as argued in Clarkson, Cortes, & Bassett (2007) , owing to the degeneracy between the EoS of DE and the spatial curvature of the Universe, it is very important to include Ω k0 , which is the present fractional densities of spatial curvature, as a free parameter. Therefore, both the dark sector interaction and the spatial curvature are considered in the present work. Furthermore, to ensure that our study is insensitive to a specific form of interaction between dark sectors, three kinds of interaction terms are taken into account.
According to the pervious studies on the potential SN evolution, we adopt a constant α and a linear β(z) = β0 + β1z in this work. Making use of the three SNLS3 data sets, as well as the latest Planck distance prior data Wang & Wang (2013b) , the galaxy clustering (GC) data extracted from sloan digital sky survey (SDSS) data release 7 (DR7) Chuang & Wang (2012) and baryon oscillation spectroscopic survey (BOSS) Chuang et al. (2013) , and the direct measurement of Hubble constant H0 from the Hubble space telescope (HST) observations Riess et al. (2011) , we constrain the parameter spaces of the three IDE models. Moreover, based on the fitting results, we study the possibility of distinguishing the impacts of different LCF by using various DE diagnosis tools and cosmic age data.
We present our method in Section 2, our results in Section 3, and summarize and conclude in Section 4.
METHODOLOGY
In this section, firstly we review the theoretical framework of the interacting dark energy (IDE) models, then we briefly describe the observational data used in the present work, and finally we introduce the background knowledge about DE diagnosis and cosmic age.
Theoretical Models
In a non-flat Universe, the Friedmann equation is
where H ≡ȧ/a is the Hubble parameter, a = (1 + z)
is the scale factor of the Universe (we take today's scale factor a0 = 1), the dot denotes the derivative with respect to cosmic time t, M 2 p = (8πG) −1 is the reduced Planck mass, G is Newtonian gravitational constant, ρc, ρ de , ρr, ρ b and ρ k are the energy densities of CDM, DE, radiation, baryon and spatial curvature, respectively. The reduced Hubble parameter E(z) ≡ H(z)/H0 satisfies
where Ωc0, Ω de0 , Ωr0, Ω b0 and Ω k0 are the present fractional densities of CDM, DE, radiation, baryon and spatial curvature, respectively.
Since
is not an independent parameter. In addition,
(here we take T cmb = 2.7255 K).
In an IDE scenario, the energy conservation equations of CDM and DE satisfẏ
where p de = wρ de is the pressure of DE, Q is the interaction term, which describes the energy transfer rate between CDM and DE. So far, the microscopic origin of interaction between dark sectors is still a puzzle. To study the issue of interaction, one needs to write down the possible forms of Q by hand. In this work we consider the following three cases:
where γ is a dimensionless parameter describing the strength of interaction, γ > 0 means that energy transfers from DE to CDM, while γ < 0 implies that energy transfers from CDM to DE. Notice that the models with Q1 and Q2 have been widely studied in the literature (see, e.g., Guo, Ohta, & Tsujikawa (2007) ; Li et al. (2009); He et al. (2010) ); and the model with Q3, which can solve the earlytime superhorizon instability and future unphysical CDM density problems at the same time, is proposed in , For simplicity, hereafter we call them IwCDM1 model, IwCDM2 model, and IwCDM3 model, respectively. For the IwCDM1 model, the solutions of Eqs. (3) and (4) are 1+w) . (9) Then we have
For the IwCDM2 model, the solutions of Eqs. (3) and (4) are
. (12) Then we get
For the IwCDM3 model, Eqs. (3) and (4) still have analytical solutions
Then we obtain
where
(1 + z)
For each model, the expression of E(z) will be used to calculate the observational quantities appearing in the next subsection.
Observational Data
In the present work, we use the three SNLS3 data sets (i.e. "combined", "SALT2", and "SiFTO"). In the following, we briefly introduce how to include these three data sets into the χ 2 analysis. For a set of N SNe with correlated errors, the χ 2 function is given by
where C is a N ×N covariance matrix (For the details of constructing the corresponding covariance matrix, see Conley et al. (2011) ), and ∆m ≡ mB − m mod is a vector with N components. Here mB is the rest-frame peak B-band magnitude of the SN. Adopting a constant α and a linear β(z) = β0 +β1z, the predicted magnitude of an SN becomes
The luminosity distance DL(z) is defined as
where z and z hel are the CMB restframe and heliocentric redshifts of SN, r(z) = H
, and sinn(x) = sin(x), x, sinh(x) for Ω k0 < 0, Ω k0 = 0, and Ω k0 > 0 respectively. Here s and C are stretch measure and color measure for the SN light curve, M is a parameter representing some combination of SN absolute magnitude M and Hubble constant H0.
It must be emphasized that, in order to include host-galaxy information in the cosmological fits, Conley et al. Conley et al. (2011) split the SNLS3 sample based on host-galaxy stellar mass at 10 10 M , and made M to be different for the two samples. So there are two values of M (i.e. M1 and M2) for the SNLS3 data. Moreover, Conley et al. removed M1 and M2 from cosmologyfits by analytically marginalizing over them (for more details, see the appendix C of Conley et al. (2011) ). In the present work, we just follow the recipe of Conley et al. (2011) , and do not treat M as model parameter.
To improve the cosmological constraints, we also use some other cosmological observations, including the Planck distance prior data Wang & Wang (2013b) , the GC data extracted from SDSS DR7 Chuang & Wang (2012) and BOSS Chuang et al. (2013) , as well as the direct measurement of Hubble constant H0 = 73.8 ± 2.4km/s/Mpc from the HST observations Riess et al. (2011) . For the details of including these observational data into the χ 2 analysis, see Wang, Li & Zhang (2014); . It should be mentioned that, in this paper we just use the purely geometric measurements, and do not consider the cosmological perturbations in the IDE models. As analyzed in , adopting a new framework for calculating the perturbations, the cosmological perturbations will always be stable in all IDE models Therefore, the use of the Planck distance prior is sufficient for our purpose. Now the total χ 2 function is
Finally, we perform an MCMC likelihood analysis using the "CosmoMC" package Lewis & Bridle (2002) .
Dark Energy Diagnosis and Cosmic Age
This subsection consists of two parts. Firstly, we introduce the tools of DE diagnosis, including the Hubble parameter H(z), the deceleration parameter q(z), and the statefinder hierarchy {S Sahni (2009) . Then, we discuss the issues about cosmic age, including the high-redshift cosmic age test and the fate of the Universe.
Let us introduce the DE diagnosis tools first. The scale factor of the Universe a can be Taylor expanded around today's cosmic age t0 as follows:
with a(t) (n) = d n a(t)/dt n . The Hubble parameter H(z) contain the information of the first derivative of a(t). Based on the Baryon Acoustic Oscillations (BAO) measurements from the SDSS data release 9 and data release 11, Samushia et al. Samushia et al. (2013) gave H0.57 ≡ H(z = 0.57) = 92.4 ± 4.5km/s/Mpc, while Delubac et al. Delubac et al. (2014) obtained H2.34 ≡ H(z = 2.34) = 222 ± 7km/s/Mpc. These two H(z) data points will be used to compare the theoretical predictions of IDE models. In addition, the deceleration parameter q is given by
which contains the information of the second derivatives of a(t).
Ωm, where Ωm = Ωc + Ω b is the fractional density of matter. The statefinder hierarchy, Sn, is defined as Arabsalmani & Sahni (2009):
The reason for this redefinition is to peg the statefinder at unity for ΛCDM during the cosmic expansion,
This equation defines a series of null diagnostics for ΛCDM when n 3. By using this diagnostic, we can easily distinguish the ΛCDM model from other DE models. Because of Ωm|ΛCDM = 2 3
(1 + q), when n 3, statefinder hierarchy can be rewritten as:
where the superscript (1) is to discriminate between S
n and Sn. In this paper, we use the statefinder hierarchy {S Now, let us turn to the issues about cosmic age. The age of the Universe at redshift z is given by
In history, the cosmic age problem played an important role in the cosmology Alcaniz & Lima (1999) ; Lan et al. (2010) ; Liu & Zhang (2014) ). Obviously, the Universe cannot be younger than its constituents. In other words, the age of the universe at any high redshift z cannot be younger than its constituents at the same redshift. There are some old high redshift objects (OHRO) considered extensively in the literature. For instance, the 3.5Gyr old galaxy LBDS 53W091 at redshift z = 1.55 Dunlop et al. (1996) , the 4.0Gyr old galaxy LBDS 53W069 at redshift z = 1.43 Dunlop (1999) , and the old quasar APM 08279+5255, whose age is estimated to be 2.0C3.0 Gyr, at redshift z = 3.91 Hasinger, Schartel, & Komossa (2002) . In the literature, the age data of these three OHRO (i.e. t1.43 ≡ t(z = 1.43) = 4.0Gyr, t1.55 ≡ t(z = 1.55) = 3.5Gyr and t3.91 ≡ t(z = 3.91) = 2.0Gyr) have been extensively used to test various cosmological models (see e.g. (2014)). In the present work, we will use these three age data to test the IDE models. Another interesting topic is the fate of the Universe. The future of the Universe depends on the property of DE. If the Universe is dominated by a quintessence Caldwell, Dave & Steinhardt (1998) ; Zlatev, Wang & Steinhardt (1999) or a cosmological constant (for this case, ρ de will decrease with time t or remain a constant), the expansion of the Universe will continue forever, and all the structures that are currently gravitationally bound will remain unaffected forever. If the Universe is dominated by a phantom Caldwell (2002) ; Caldwell, Kamionkowski & Weinberg (2003) (for this case, ρ de will always increase with time t), eventually the repulsive gravity of DE will become large enough to tear apart all the structures, and the Universe will finally encounter a doomsday, i.e. the so-called "big rip" (BR). Setting x = −ln(1 + z), we can get the time interval between a BR and today
where tBR denotes the time of BR. It is obvious that, for a Universe dominated by a quintessence or a cosmological constant, this integration is infinity; and for a Universe dominated by a phantom, this integration is convergence. We would like to infer, from the current observational data, how far we are from a cosmic doomsday in the worst case. So in this work we calculate the 2σ lower limits of tBR − t0 for all the IDE models.
RESULT
In this section, firstly we present the fitting results of the three IDE models, then we show the cosmic evolutions of Hubble parameter H(z), deceleration parameter q(z), and statefinder hierarchy {S
3 , S
4 } according to the fitting results, and finally we perform the high-redshift cosmic age test and discuss the possible fate of the Universe.
Cosmology Fits
In table 1, we give the fitting results of the three IDE models, where both the best-fit values and the 1σ errors of various parameters are listed. From this table we see that, for all the IDE models, β significantly deviates from a constant, consistent with the results of ; in addition, the current cosmological observations favor a positive Ω k0 (corresponding to an open Universe) and a negative γ (denoting energy transfers from CDM to DE) at 1σ CL. Although the best-fit results of w given by the three LCF are always less than −1, w = −1 is still consistent with the current cosmological observations at 1σ CL. Moreover, we check the impacts of different SNLS3 LCF on parameter estimation and find that for all the IDE models: (1) The "SALT2" sample gives a larger α and a smaller β1; in contrast, the "SiFTO" sample yields a smaller α and a larger β1. (2) The "Combined" sample gives a larger w and a larger Ω k0 , while the "SiFTO" sample yields a smaller w. (3) The effects of different LCF on other parameters are negligible.
Let us discuss the fitting results with more details. In Fig. 1 , we plot the 1σ confidence regions of β(z) at redshift region [0, 1] for the three IDE models. We find that, for all the IDE models, the trends of β(z) given by different LCF are essentially the same. Furthermore, the SALT2 sample gives a smaller increasing rate of β(z), while the SiFTO sample yields a larger increasing rate of β(z). These results are consistent with the results of the ΛCDM model Wang & Wang (2013a) and the HDE model Wang, et al. (2015) , implying that the effects of different LCF are insensitive to the DE models considered in the background.
In Fig. 2 , we plot the probability contours at the 1σ and 2σ CL in the γ-w plane, for the three IDE models. The best-fit values of {γ, w} of the "Combined", the "SALT2" and the "SiFTO" data are marked as a black square, a red triangle and a green diamond, respectively. For comparison, the fixed point {γ, w} = {0, −1} for the ΛCDM model is also marked as a blue round dot. A most obvious feature of this figure is that, for all the IDE models, the fixed point {0, −1} of the ΛCDM model is outside the 1σ contours given by the three data sets, implying the importance of considering the interaction between dark sectors; besides, the ΛCDM model is still consistent with with the observational data at 2σ CL. In addition, for the IwCDM2 model, the best-fit points given by the "SALT2" and the "SiFTO" data are very close. Moreover, according to the evolution behaviors of ρ de (see Eqs. 9, 11 and 15) at z → −1, we divide these γ-w planes into two regions: the region above the dividing line denotes a quintessence dominated Universe (without given by the SN(Combined)+CMB+GC+H 0 , the SN(SALT2)+CMB+GC+H 0 , and the SN(SiFTO)+CMB+GC+H 0 data, respectively. Furthermore, the bestfit values of {γ, w} of the "Combined", the "SALT2" and the "SiFTO" data are marked as a black square, a red triangle and a green diamond, respectively. To make a comparison, the fixed point {γ, w} = {0, −1} for the ΛCDM model are also marked as a blue round dot. The gray solid line divides the panel into two regions: the region above the dividing line denotes a quintessence dominated Universe (without big rip), and the region below the dividing line represents a phantom dominated Universe (with big rip).
big rip), and the region below the dividing line represents a phantom dominated Universe (with big rip). We can see that, although all the best-fit points given by the three data sets correspond to a phantom, both the phantom, the quintessence and the cosmological constant are consistent with the current cosmological observations at 2σ CL. This means that the current observational data are still too limited to indicate the nature of DE.
Hubble Parameter, Deceleration Parameter and Statefinder Hierarchy
The 1σ confidence regions of Hubble parameter H(z) at redshift region [0, 4] for the three IDE models are plotted in Fig. 3 , where the two H(z) data points, H0.57 and H2.34, are also marked by diamonds with error bars for comparison. We find that the data point H0.57 can be easily accommodated in the IDE models, but the data point H2.34 significantly deviates from the 1σ regions of all the IDE models. In other words, the measurement of H2.34 is in considerable tension with other cosmological observations and this result is consistent with the conclusion of Sahni, Shafieloo & Starobinsky (2014) . In addition, the 1σ confidence regions of H(z) given by different LCF are almost overlap; this means that using H(z) diagram is almost impossible to distinguish the differences among different LCF.
In Fig. 4 , we plot the 1σ confidence regions of deceleration parameter q(z) at redshift region [0, 4] , for the three IDE models. Again, we see that the 1σ confidence regions of q(z) given by different LCF are almost overlap. This implies that using q(z) diagram also has great difficulty to distinguish the differences among different LCF.
Based on the best-fit results listed in table 1, in Fig. 5 we plot the evolutionary trajectories of {S 4 } given by the "Combined", the "SALT2" and the "SiFTO" data are marked as a black square, a red triangle and a green diamond, respectively. To make a comparison, the fixed point {S 4 } = {1, 1} for the ΛCDM model is also marked as a blue round dot. The difference between two models is measured by the distance between their fixed points of today. In addition, the arrows indicate the evolution directions of the models. The most feature of this figure is that, the evolution trajectories of {S 
4 } given by the "SALT2" and the "SiFTO" data are very close, because the best-fit results given by the "SALT2" data are very close to that given by the "SiFTO" data (see Fig. 2 ); this unusual result does not affect the overall conclusion of the present work. In addition, for all the IDE models, the square given by the "combined" sample is more close to the round dot of the ΛCDM model, implying that the cosmological fitting results given by the combined sample are closer to the ΛCDM model.
High-Redshift Cosmic Age Test and Fate of The Universe
The 2σ confidence regions of cosmic age t(z) at redshift region [0, 4] for the three IDE models are plotted in Fig. 6 , where the three t(z) data points, t1.43, t1.55 and t3.91, are also marked by Squares for comparison. We find that both t1.43 and t1.55 can be easily accommodated in the IDE models, but the position of t3.91 is significantly higher than the 2σ upper bounds of the IDE models. In other words, the existence of the old quasar APM 08279+5255 can not be explained in the frame of IDE model. This result is consistent with the conclusions of pervious studies Alcaniz, Lima & Cunha (2003) ; Wei & Zhang (2007) ; Wang & Zhang (2008) ; ; Yan, Liu & Wei (2014) . In addition, the 2σ regions of t(z) given by different LCF are almost overlap, showing that the impacts of different LCF can not be distinguished by using the age data of OHRO.
We want to infer how far we are from a cosmic doomsday in the worst case. So in Fig. 7 , we plot the 2σ lower limits of the time interval t − t0 between a future moment and today, for the three IDE models. Moreover, the 2σ lower limit values of tBR − t0 given by the three LCF are also marked on this figure. All the evolution curves of t − t0 tend to the corresponding convergence values at −ln(1 + z) 20. The most important factor of determining tBR − t0 is the EoS w. In a phantom dominated Universe, a smaller w corresponds to a larger increasing rate of ρ de ; this means that all the gravitationally bound structures will be torn apart in a shorter time, and the Universe will encounter a cosmic doomsday in a shorter time, too. Among the three IDE models, the IwCDM1 model always gives a larger w (see table 1), and thus also gives a larger 2σ lower limit value of tBR − t0. Similarly, among the three SNLS3 LCF data, the "combined" sample always gives a larger w (see table 1), and thus also gives a larger value of tBR − t0.
SUMMARY AND DISCUSSION
As is well known, different LCF will yield different SN sample. In 2011, based on three different LCF, the SNLS3 group Conley et al. (2011) released three kinds of SN samples, i.e., "SALT2", "SiFTO" and "combined". So far, only the SNLS3 "Combined" sample is studied extensively, both the "SALT2" and the "SiFTO" data sets are seldom taken into account in the literature. Although these three SNLS3 data sets were used at the same time to study some DE models, the effects of different LCF have not been studied in detail in the past. So the main aim of the present work is presenting a comprehensive and systematic investigation on the impacts of different SNLS3 LCF. We have used the three SNLS3 data sets, as well as the observational data from the CMB, the GC, and the direct measurement of Hubble constant H0, to constrain the parameter spaces of three IDE models. According to the results of cosmology-fits, we have plotted the cosmic evolutions of Hubble parameter H(z), deceleration parameter q(z), and statefinder hierarchy {S 4 }, and have checked whether or not these DE diagnoses can distinguish the differences among the results of different LCF. Furthermore, we have performed high-redshift cosmic age test using three OHRO, and have explored the fate of the Universe.
We find that for all the IDE models: (1) the "SALT2" sample gives a smaller increasing rate of β(z), while the SiFTO sample yields a larger increasing rate of β(z) (see Fig. 1 ); (2) the "Combined" sample gives a larger w, while the "SiFTO" sample yields a smaller w (see Fig. 2 ); (3) the effects of different LCF on other parameters are negligible (see table 1 ). Besides, we find that the ΛCDM model is inconsistent with the three SNLS3 samples at 1σ CL, but is still consistent with the observational data at 2σ CL.
Moreover, we find that the impacts of different LCF are rather small and can not be distinguished by using the H(z) diagram (see Fig. 3 ), the q(z) diagram (see Fig. 4 ), and the age data of OHRO (see Fig. 6 ); in contrast, statefinder hierarchy {S
4 } is a powerful tool that has the ability to distinguish the effects of different LCF (see Fig. 5 ). In addition, we infer how far we are from a cosmic doomsday in the worst case, and find that the "Combined" sample always gives a larger 2σ lower limit of tBR − t0 (see Fig. 7 ).
Since the conclusions listed above hold true for all the IDE models, we can conclude that the impacts of different LCF are insensitive to the specific forms of interaction between dark sectors. Moreover, our method can be used to distinguish the differences among various cosmological observations. For simplicity, in the present work we only adopt a constant w, and do not consider the possible evolution of w. In the literature, the dynamical evolution of EoS are often explored by assuming a spe- ; Gong, Gao, & Zhu (2013) . To further study the impacts of various systematic uncertainties of SNe Ia on parameter estimation, we will extend our investigation to the case of a time-varying w in the future.
As seen in Figs. 3 4 } given by the "Combined", the "SALT2" and the "SiFTO" data are marked as a black square, a red triangle and a green diamond, respectively. To make a comparison, the fixed point {S 4 } = {1, 1} for the ΛCDM model is also marked as a blue round dot. The difference between two models is measured by the distance between their fixed points of today. The arrows indicate the evolution directions of the models.
shift range, these two anomalous data points can be accommodated at the same time.
In a recent paper Betoule et al. (2014) , based on the improved SALT2 LCF, Betoule et al presented a latest SN data set ("joint light-curve analysis" (JLA) data set), which consists of 740 SNe Ia. Adopting a constant α and a constant β, Betoule et al. found Ωm0 = 0.295 ± 0.034 for a flat ΛCDM model; this result is different from the result of SNLS3 data, but is consistent with the results of Planck Ade et al. (2014) . It would be interesting to apply our method to compare the differences between the SNLS3 and the JLA sample. These issues will be studied in future works. 
